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Introduction

The eight cores examined in this study were obtained by the U.S. 
Army Corps of Engineers as part of an engineering assessment of the 
bedrock properties along the proposed route of a flood diversion tunnel for 
the Passaic River in northern New Jersey (Figure 1; see also Fedosh and 
Smoot, 1988). These cores provide an important partial cross-section 
through each of the major volcanic units of the early Mesozoic Newark 
basin and have made possible a detailed and systematic investigation of 
the stratigraphic compositional variation characterizing each extrusive 
formation.

This paper contains the detailed petrographic and geochemical data 
that serve as the basis for the discussions presented in Tollo and 
Gottfried (in press). Schematic columnar sections are presented to show 
the physical features observed in each core during logging and sampling. 
Detailed petrographic data are presented in tabular form for each of the 
major flow units. Major and trace element data are presented for each 
sample examined in this study.

Geologic Setting

The Newark basin is a deeply-eroded, half-graben encompassing an 
area of approximately 50,000 square miles (129,500 km2) in northern New 
Jersey, southeastern New York, and eastern Pennsylvania and is part of a 
series of exposed basins extending discontinuously throughout the eastern 
Appalachian orogen from South Carolina to Nova Scotia. Within the United 
States, the Newark basin is one of four major basins containing exposures 
of early Jurassic basalt flows (Figure 2). The stratigraphic section of the 
Newark basin (Figures 3a and b) ranges in age from middle Carnian 
(Triassic) to Hettangian-Sinemurian (Jurassic) and includes nine 
formations with a total thickness of more than 25,300 feet (7700 m). 
This section includes a thick sequence of predominantly clastic 
sedimentary rocks that contain three series of Lower Jurassic 
(Hettangian) basalt lava flows. The basalts of the Newark basin underlie a 
series of three ridges which constitute the Watchung Mountains in 
northern New Jersey. The ridges are flanked by lowlands formed on Lower 
Jurassic sedimentary rocks that underlie, overlie, and are intercalated 
with the three basalt series. Originally referred to as the First, Second,



and Third Watchung Basalts (from oldest to youngest) and included as part 
of the Brunswick Formation, these extrusive units have since been 
elevated to formation status and renamed the Orange Mountain, Preakness, 
and Hook Mountain Basalts in a stratigraphic revision proposed by Olsen 
(1980). These basalts occur exclusively within the uppermost one-fifth 
of the exposed stratigraphic section of the Newark basin (Figure 3b; Olsen 
and others, 1989). The Orange Mountain Basalt overlies approximately 
20,350 feet (6200 m) of mostly Upper Triassic, predominantly clastic 
sedimentary rocks of the Stockton, Lockatong, and Passaic Formations and 
is separated from the Preakness Basalt by 558 feet (170 m) of 
sedimentary strata of the Feltville Formation (Figure 3b; see summary in 
Olsen and others, 1989, for additional information). The Preakness Basalt 
is separated from the Hook Mountain Basalt by 1115 feet (340 m) of 
sedimentary strata of the Towaco Formation, and the Hook Mountain Basalt 
is in turn overlain by at least 1640 feet (500 m) of clastic sedimentary 
rocks of the Boonton Formation.

Analytical Methods

One hundred and thirty-five samples were collected on the basis of 
position in the cores and relative degree of alteration. Representative 
samples were collected wherever physical evidence indicated a 
stratigraphic break (e.g. sedimentary intercalation, vesicular zone) or 
feature of unusual interest (e.g. gabbroids). In some instances, however, 
the relative degree of mineralogic alteration or presence of abundant 
secondary mineralization (amygdules, veins) prohibited use of selected 
samples for geochemical analysis. Of the one hundred and thirty-five 
samples collected, seventy-one samples were analyzed geochemically. 
Samples were split manually using a steel jaw splitter and approximately 
100 grams were crushed by grinding in a shatterbox apparatus using a 
stainless steel vessel. Splits of these powders were analyzed for major 
elements and the trace elements Y, Sr, Rb, Pb, Ga, Nb, Zr, Zn, Ni, Cr, V, Ce, 
and Ba by X-ray fluorescence (XRF) at the University of Massachusetts at 
Amherst using modifications of the methods of Norrish and Chappell 
(1967) and Norrish and Hutton (1969). All samples were analyzed in 
duplicate. Estimates of the analytical precision (1 sigma) for the XRF 
data are based on analyses of selected duplicate pairs. The concentrations 
of all rare earth elements (REE) and the trace elements Th, Ta, and Hf 
were determined for forty-six samples through instrumental neutron



activation (INA) analysis performed at the analytical laboratories of the 
United States Geological Survey (USGS) in Reston, Virginia following 
procedures described by Baedecker and McKown (1987). Estimates of the 
analytical precision for these data are based on replicate analyses of the 
USGS rock standard BCR-1.

Description of Cores

Orange Mountain Basalt

Core PT-29 sampled the lower part of the Orange Mountain Basalt 
through a distance of 330 feet (100.6 m), penetrating the contact between 
the basalt and underlying redbeds of the Passaic Formation at a total 
depth of 349 feet (106.4 m) (Figure 4). The cored stratigraphic interval of 
327.5 feet (99.8 m) represents approximately 66% of the total average 
thickness of 492 feet (150 m) of the Orange Mountain Basalt in the Newark 
basin (Olsen and others, 1989). Prominent amygdaloidal zones occurring 
at depth intervals 80-87 feet (24.4 - 26.5 m) and 116.5 - 149 feet (35.5 - 
45.4 m) separate three distinct flow units (designated as OM-3, OM-2, OM- 
1, upper to lower, respectively; see Figure 4) comprising this sequence.

Preakness Basalt

The Preakness Basalt was sampled in cores PT-17, PT-18, PT-19, PI 
20, and PTI-3 (Figures 5a-e). Core PT-17 penetrated the upper contact 
between the basalt and overlying redbeds of the Towaco Formation at a 
depth of 98 feet (29.6 m) and continued in basalt to a total depth of 222.5 
feet (67.8 m). Prominent amygdaloidal zones at depth intervals 128-135 
feet (39.0 - 41.1 m) and 174.5 - 212 feet (53.2 - 64.6 m) separate three 
flow units (designated as P-9, P-8, and P-7, upper to lower, respectively; 
see Table 1) in this portion of the Preakness Basalt. The deeply weathered 
and brecciated, amygdaloidal zone located at the top of the basalt 
suggests that nearly all of the uppermost flow has been preserved. Core 
PT-18 sampled a total stratigraphic interval of 135 feet (41.2 m). The 
prominent amygdaloidal zone located at the top of this core has been 
correlated with a similar zone occurring at depth interval 174.5 - 212 
feet (53.2 - 64.6 m) in core PT-17 on the basis of structural, 
petrographic, and geochemical data, indicating a minimum stratigraphic 
thickness of 139 feet (42.4 m) for flow P-7 of the Preakness Basalt



(Table 1).

Core PT-19 sampled a total stratigraphic interval of 224 feet (68.2 
m). Siltstone occurring within the depth interval 137-146 feet (41.8 - 
44.5 m) separates two flows, designated as P-6 (upper) and P-5 (lower), 
respectively, in this core. Core PT-20 penetrated a stratigraphic interval 
of 271 feet (82.6 m) in basalt characterized by lack of textural evidence 
for interflow boundaries. The marked change in composition occurring in 
the interval 145-197 feet (44.2 - 60.0 m) is interpreted, however, to 
represent the boundary between two flows (designated as P-4 and P-3, 
upper and lower, respectively) erupted within a relatively short interval 
of time during which no appreciable weathering of the upper surface of 
the earlier flow took place. Four zones of discordant, coarse-grained 
gabbroid occur within the depth interval 60 - 125 feet (18.3 - 38.1 m). On 
the basis of other occurrences of similar gabbroids observed in basalts 
from the Culpeper (Tollo, 1988) and Hartford basins, these coarse-grained 
rocks are interpreted as late-stage auto-intrusions and/or possible 
segregations within the basalt.

Core PTI-3 sampled a stratigraphic section measuring 114 feet 
(34.8 m) in the lower portion of the Preakness Basalt, penetrating the 
contact with sandstone of the underlying Feltville Formation at a depth of 
119 feet (36.3 m). An amygdaloidai/vesicular zone located in the depth 
interval 73-80 feet (22.3 - 24.4 m) in this core separates the lowermost 
two flows (designated P-2 and P-1, upper and lower, respectively) of the 
Preakness sequence. A total minimum stratigraphic thickness (including 
intercalated sedimentary strata) of 815.2 feet (248.5 m) was sampled by 
these five cores. This represents approximately 99% of the average total 
thickness of the Preakness Basalt, which has been estimated to be 820 
feet (250 m) thick (Olsen and others, 1989). Structural and petrochemical 
data suggest that minor stratigraphic gaps may be present between cores 
PT-18, PT-19, PT-20, and PTI-3.

Hook Mountain Basalt

The Hook Mountain Basalt was sampled in cores PT-10 and PT-11 
(Figures 6a and 6b). Core PT-10 penetrated the contact between the 
basalt and redbeds of the overlying Boonton Formation at a depth of 136 
feet (41.4 m) and continued in basalt to a total depth of 211 feet (64.0 m), 
representing a stratigraphic interval in basalt of approximately 74.4 feet



(22.7 m). Core PT-11 traversed the lower portion of the basalt over a 
distance of 243 feet (74.0 m), representing a stratigraphic interval of 
241.2 feet (73.5 m), and penetrated redbeds of the underlying Towaco 
Formation at a depth of 255 feet (77.6 m). A prominent weathered flow 
top and an amygdaloidal zone at depth interval 162-193 feet (49-59 m) 
separate two flow units (designated as HM-2 and HM-1, upper and lower, 
respectively; see Table 1) in core PT-11. The basalt in core PT-10 
contains several minor vesicular zones which may separate individual 
surges within the uppermost flow unit.

Structural and geochemical data (Tollo and Gottfried, in press) 
suggest that the upper flow unit in core PT-11 correlates with the basalt 
in core PT-10. The stratigraphic interval of 315.6 feet (96.2 m) of basalt 
sampled in these two cores is slightly less than the thickness estimated 
for the Hook Mountain Basalt by Olsen and others (1989), suggesting that a 
small gap (probably in flow HM-2) occurs between the cored sections.

Medium- to coarse-grained, locally vesicular and amygdaloidal, 
porphyritic plagioclase + clinopyroxene diabase and gabbroid occurs in 
both the PT-10 and PT-11 cores (Figures 6a and 6b). The gabbroids appear 
to be generally concordant with the regional structure and are interpreted 
to represent late-stage auto-intrusions or possible segregations within 
the basalt.

Petrography

The three basalt formations of the Newark basin are 
petrographically distinct, as shown by the data summarized in Tables 2 
and 3. The Orange Mountain Basalt is finer grained than either the 
Preakness or Hook Mountain Basalts and is characterized by 
glomeroporphyritic texture defined by rounded clusters of subhedral to 
euhedral augite locally intergrown with subhedral plagioclase. Iron 
-titanium oxide phases in the Orange Mountain Basalt typically occur as 
trellis-shaped or skeletal grains restricted to the mesostasis. The 
mesostasis is brown and locally comprises as much 10% of the total 
volume of individual samples.

The flow units of the Preakness Basalt display a range of 
petrographic characteristics (Table 3). Porphyritic textures are common



with plagioclase and clinopyroxene as the dominant phenocryst phases. In 
general, the Preakness exhibits the coarsest average grain size of the 
three series (excluding the gabbroids) and includes the highest modal 
percentage of micropegmatite. Iron-titanium oxide phases range from 
blocky and possibly phenocrystic to finely granular. The mesostasis is 
typically light brown and comprises as much as 5% of the mode. The 
Preakness is the only basalt (gabbroids excluded) to contain augite 
displaying herringbone twinning. The coarse-grained gabbroids that occur 
within the Preakness Basalt in core PT-20 contain the assemblage 
plagioclase + augite + pigeonite + iron-titanium oxide. The pyroxenes are 
typically distinctive in the gabbroids, forming elongate, locally curved 
blades as much as 2 inches (5 cm) in length. Contacts between the 
gabbroids and adjacent basalt vary from locally sharp to gradational.

The Hook Mountain Basalt is typically intermediate in grain size 
between the Orange Mountain and Preakness Basalts and locally exhibits 
aphyric, microporphyritic, and glomeroporphyritic texture. Iron-titanium 
oxide phases occur as (presumably early crystallizing) blocky grains, as 
(late crystallizing) skeletal to dendritic grains restricted to the 
mesostasis, or as both. Coarse-grained gabbroids, which are texturally 
similar to those described above, occur at several locations within the PT- 
11 core. These distinctive rocks typically exhibit both sharp and 
gradational contacts and are petrographically similar to the enclosing 
Hook Mountain Basalt except for the characteristic coarse grain size and 
locally vesicular nature of the gabbroids.

The Preakness and Hook Mountain Basalts include petrographically 
distinct subtypes which generally correspond to the individual flow units 
defined by differences in physical properties and chemical composition. 
Distinctive petrographic characteristics include 1) overall grain size, 2) 
gross texture, 3) groundmass texture, 4) modal percentage and relative 
proportion of phenocrysts, 5) relative proportion of groundmass 
constituents, and 6) the habit of the iron-titanium oxide phases. These 
characteristics support the correlation of flow HM-2 between cores PT- 
10 and PT-11, and flow P-7 between cores PT-17 and PT-18.



Geochemistry

Geochemical data for the individual samples analyzed in this study 
are presented in Table 4. Most of the data represent averages of replicate 
analyses performed on separate sample splits (see analyses in Table 4). 
These data form the entire database used for the discussion in Tollo and 
Gottfried (in press). Data for samples PT29-348 annd PT11-254 were 
excluded by these authors from the statistical calculations of the Orange 
Mountain and Hook Mountain Basalts, respectively, due to obvious chemical 
effects related to the proximity of each sample to the contact with 
underlying sedimentary strata.
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Figure Captions

Figure 1: Generalized geologic map of part of the Newark basin, New 
Jersey, showing locations of core hole sites.

Figure 2: Map showing the distribution of exposed early Mesozoic basins 
in the eastern United States and major occurrences of early 
Jurassic basalt.

Figure 3a and b: Schematic stratigraphic column for the Newark basin 
(3a) showing intervals of the Lower Jurassic section 
penetrated by the cores examimed in this study (3b). 
Thickness data are from Olsen and others (1989).

Figure 4: Schematic columnar section of the interval penetrated by core 
PT-29 in the Orange Mountain Basalt, showing major lithologic 
features and positions of samples collected. All numbers refer 
to distance (in feet) from the top of the core.

Figures 5a-e: Schematic columnar sections of the intervals penetrated by 
cores PT-17 (5a), PT-18 (5b), PT-19 (5c), PT-20 (5d), and 
PTI-3 (5e) in the Preakness Basalt, showing major 
lithologic features and positions of samples collected. All 
numbers refer to distance (in feet) from the top of the core.

Figures 6a-b: Schematic columnar sections of the interval penetrated by 
cores PT-10 (7a) and PT-11 (7b) in the Hook Mountain 
Basalt, showing major lithologic features and positions of 
samples collected. All numbers refer to distance (in feet) 
from the top of the core.
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